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Objective: To describe the technique and outcomes of antegrade ureteroscopic assistance during the
initial nephrostomy access for the management of renal staghorn stone.
Materials and methods: From 2000 to 2009, a total of 153 patients with complete staghorn stones were
treated with percutaneous nephrolithotomy (PCNL) at our hospital. Antegrade ureteroscopic assistance
was applied, starting in the 50th patient, during the initial nephrostomy access so as to prevent the
creation of a false tract and to create more intracalyceal space for subsequent tract dilation. We report the
characteristics of the patients, stones, treatment outcomes, and complications in the groups with and
without antegrade ureteroscopic assistance.
Results: Intergroup differences in the groups with (n ¼ 104) and without (n ¼ 49) antegrade uretero-
scopic assistance with regard to the patients' characteristics and stone surface areas were not signiﬁcant
(24.0 ± 18.1 cm2 versus 21.8 ± 11.8 cm2). Patients who underwent PCNL with antegrade ureteroscopic
assistance required a signiﬁcantly shorter operation time and hospital stay than those who underwent
PCNL without antegrade ureteroscopic assistance (143 ± 78 minutes versus 105 ± 35 minutes,
p < 0.0001; 5.4 ± 2.9 days versus 4.3 ± 2.2 days, p ¼ 0.009, unpaired t test). Furthermore, intergroup
differences with regard to the stone-free rate, transfusion rate, and incidence of postoperative urosepsis
were not statistically signiﬁcant (p ¼ 0.67, p ¼ 0.18, and p ¼ 0.75, respectively).
Conclusion: Such an ancillary procedure might be suitable for the management of complete staghorn
stones or other complex renal stones in patients in whom adequate intracalyceal space was not available
for the creation of nephrostomy access.
Copyright © 2015, Taiwan Urological Association. Published by Elsevier Taiwan LLC.
Open access under CC BY-NC-ND license.1. Introduction
Staghorn stones are deﬁned as branched stones that have a
central body and at least one branch ﬁlling the renal pelvis and one
of the calyces. According to the degree of branching, staghorn
stones are categorized as partial or complete staghorn stones.
Although there is no consensus over the issue, a complete staghorn
stone is considered to be a stone that ﬁlls all the calyces and the
renal pelvis.1 Although the management of a complete staghornia-Yi Christian Hospital, 539
.
nuscript.
ciation. Published by Elsevier Taiwstone remains a challenge, percutaneous nephrolithotomy (PCNL)
monotherapy or a combination of PCNL and other treatment mo-
dalities is the standard recommendation for the management of
staghorn stones.2 Staghorn stones usually represent advanced cal-
culogenesis with bacterial colonization within the stones and col-
lecting system. A complete staghorn stone may affect the renal
function owing to a large stone burden and prolonged infection3; it
may also provide less space for the introduction of a guide wire and
dilation of the nephrostomy tract. All of the abovementioned
characteristics may increase the technical difﬁculty of PCNL,
thereby resulting in a high complication rate.4,5
Many methods can be used for creating or dilating the neph-
rostomy tract. Tract dilation can be performed by using a variety of
devices such as progressive fascial dilators, malleable dilators,an LLC. Open access under CC BY-NC-ND license.
Table 1
Characteristics of 153 patients who underwent percutaneous nephrolithotomy
(PCNL) with or without antegrade ureteroscopic assistance for the management of
complete staghorn stones.
Parameters Antegrade ureteroscopic assistance p
No Yes
Date of surgery Jan 2000eDec 2002 Jan 2003eJune 2009
Total number of patients 49 104
Age (y) 51.9 ± 12.4 54.9 ± 12.0 0.16
BMI 24.9 ± 3.7 25.4 ± 4.2 0.43
Male: female 21:28 45:59 0.96
Stone burden area (cm2) 21.8 ± 11.8 24.0 ± 18.1 0.43
Data are presented as n or mean ± SD.
BMI ¼ body mass index.
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urethrotome.8 In the majority of patients with large renal or upper
ureteral stones, initial tract dilation can be safely performed by
operating urologists.9 This is a crucial step in the management of
complete staghorn stones, particularly when the procedure is
performed by an inexperienced urologist, because a small free
space due to a large stone burdenmay result in inappropriate guide
wire positioning, which in turn may cause renal parenchymal
injury or renal pelvic perforation during tract dilation. In this study,
we describe the progress we achieved in creating a nephrostomy
access by using antegrade ureteroscopic assistance in patients with
complete staghorn stones, and explored the beneﬁts of using such
an ancillary procedure.
2. Patients and methods
Between January 2000 and June 2009, we treated 889 patients
with renal or ureteral stones, including 153 consecutive patients
with complete staghorn stones, by performing PCNL at Chia-Yi
Christian Hospital (Chia-Yi, Taiwan). Patients with renal or ure-
teral stones with a large stone burden, multiple stones within renal
calyces or infundibula, or those refractory to extracorporeal
shockwave lithotripsy or ureteroscopic lithotripsy were recom-
mended to undergo PCNL at our hospital. All of the PCNL pro-
cedures were performed by the same urologic team which was led
by the same senior experienced primary surgeon (M.T.C.) during all
of the surgeries.
The details of the PCNL procedure performed in this study were
similar to those described in a previous study.10 The operative
procedure in a majority of the cases was similar from 2000 to 2009,
except for one modiﬁcation. After 2003, antegrade ureteroscopic
assistance was used to conﬁrm the location of the nephrostomy
tract during its creation and dilation in patients with complete
staghorn stones. The whole procedure was performed as a one-
stage procedure under general anesthesia. An indwelling occlu-
sion balloon catheter (6F; Cook Urological, Spencer, IN, USA) was
placed retrograde to the upper ureter via cystoscopy with the pa-
tient in the lithotomy position. Saline containing methylene blue
dye was dripped into the catheter to create an artiﬁcial hydro-
nephrotic kidney. Then, the patient was placed in the prone posi-
tion. A 4.5F needle with a sheath was inserted into the calyx or
directly into the stone to an appropriate depth under sonographic
guidance. When blue ﬂuids containing methylene blue seeped out,
the inserted depth of the needle was thought to be correct. Then, a
0.038 J-tip guide wire was passed through the needle sheath.
Subsequently, sequential tract dilation was performed blindly by
using our modiﬁed dilators numbers 1e6 (about 30 Fr).10
Successful tract dilation after placement of the guide wire was
difﬁcult because of lack of adequate space in the renal calyx in
patients with complete staghorn stones. At the time of the initial
tract dilation, antegrade ureteroscopic assistance was used for
conﬁrming the exact location of the nephrostomy tract and for
creating space in the renal calyx via lithotripsy. After the with-
drawal of dilator number 2, a ureteroscope (6.5 Fr or 8 Fr) was
passed through dilator number 3 to ensure that the dilated tract
appropriately led to the collecting system, or for antegrade ure-
teroscopic lithotripsy. Dilator number 3 was manipulated as per
necessity to ensure correct tract positioning for the management of
the stone. Thereafter, tract dilation was continued using the
remaining dilators in the same manner as before until the ﬁnal
dilator was inserted. The whole process of tract dilation, even in
cases inwhich antegrade ureteroscopic assistancewas used, did not
require > 10 minutes. Then, lithotripsy was performed via a
nephroscope by using holmium-yttrium-aluminum-garnet (YAG)
laser.11 After stone extraction, a 6F or 7F double-J stent was insertedin an antegrade manner after withdrawal of the occlusion balloon
catheter. A 24F nephrostomy tube was inserted only in patients
with marked bleeding after the procedure.
The patient's age, stone burden, operative time, duration of
hospital stay, infection rate, and blood transfusion rate were
recorded by performing a retrospective chart review, and these
variables were compared between patients managed with or
without antegrade ureteroscopic assistance. Stone burden was
expressed in terms of stone surface area (SA), which was estimated
on the basis of the length (l) and width (w) of the stone on a pre-
operative plain ﬁlm by using the following formula12:
SA

cm2
 ¼ 1 cm  w cm  p  0:25 p ¼ 3:14159:
(1)
The stone-free rate, assessed by postoperative kidney-ureter-
bladder ﬁlm, was deﬁned as the absence of evidence of stone ma-
terial by plain radiography. The operation time was estimated from
the start of cystoscopy for the insertion of the occlusion balloon
catheter to the end of the operation.3. Results
From January 2000 to June 2009, a total of 153 patients with
complete staghorn stones were treated by performing PCNL at our
hospital. We began to use antegrade ureteroscopic assistance since
the 50th patient during the initial nephrostomy access so as to
prevent the creation of a false tract and to create more intracalyceal
space for subsequent tract dilation. On the basis of whether ante-
grade ureteroscopic assistance was used, the patients were cate-
gorized into two groups. The basic characteristics and treatment
results are shown in Table 1. The mean age of the patients and that
of the patients aged in their 50's in both groups were similar
(without assistance versus with assistance, 51.9 ± 12.4 years versus
54.9 ± 12.0 years). The differences in the body mass index and
percentage of both sexes (p ¼ 0.43 and p ¼ 0.96, respectively), and
stone surface areas (without assistance versus with assistance,
21.8 ± 11.8 cm2 versus 24.0 ± 18.1 cm2) were not statistically sig-
niﬁcant (Table 1).
As compared with the patients managed without antegrade
ureteroscopic assistance, those managed with antegrade uretero-
scopic assistance had signiﬁcantly shorter operation times
(143 ± 78 minutes versus 105 ± 35 minutes; p < 0.0001, unpaired t
test). After treatment, the patients in both groups had similar
stone-free rates (36.7% versus 40.4%, p ¼ 0.67) and the percentages
of residual stone burden (11 ± 16% versus 15 ± 22%, p ¼ 0.28). The
duration of hospital stay in patients managed with antegrade
ureteroscopic assistancewas signiﬁcantly shorter than that in those
managed without assistance (5.4 ± 2.9 days versus 4.3 ± 2.2 days,
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(4.8%) patients received blood transfusion during the PCNL proce-
dure, respectively. Eight of 49 (16.3) patients and 14 of 104 (13.5%)
patients suffered from post-PCNL urosepsis, respectively. Inter-
group differences with regard to transfusion rate and the incidence
of postoperative urosepsis were not statistically different (p ¼ 0.18
and p ¼ 0.75, respectively). All the patients with post-PCNL uro-
sepsis were successfully treated with intravenous antibiotics ac-
cording to the drug sensitivity report. No pleura-associated
diseases were noted after PCNL in both groups (Table 2).
4. Discussion
Wickham and Kellett13 were the ﬁrst to extract small renal
stones via percutaneous access in 1981, and Clayman et al14 ﬁrst
treated patients with staghorn stones via percutaneous access in
1983. Despite this, percutaneous lithotripsy for staghorn stones
remains a challenge, and continuous progress in this ﬁeld is
required to increase the stone-free rate, to achieve minimal
morbidity, and to reduce the need for multiple nephrostomy tracts
or the time of learning curve. Netto et al15 reported that in a cohort
of 119 patients who were treated with PCNL for staghorn stones,
PCNL was performed via multiple access tracts in 27.7% of the pa-
tients, and that the overall incidence of complications such as
sepsis, pleural diseases, or bleeding to the extent of necessitating
blood transfusion, was signiﬁcantly greater in the multiple-access
group (15 of 33 patients, 45.4%) than that in the single-access
group (19 of 86 patients, 22.1%). Desai et al9 described their
development and improvement of the technique of PCNL in 773
patients from 1991 to 2008, and reported that the management of
staghorn stones with PCNL requires considerable expertise and
constant review and application of newer techniques. Therefore,
the success of PCNL is related to creating an optimal access to the
kidney and to the performance of easy, safe surgery with minimal
complications by most urologists in cases of patients with the most
complex renal stones.
The most important step for successfully performing a percu-
taneous intervention is to safely create and dilate the nephrostomy
tract.16 It is important to prevent the creation of a false tract or to
prevent renal pelvic perforation during dilation, particularly in the
renal pelvis or in the calyces containing bacteria-colonized stones.
In cases of patients with complete staghorn stones, the renal pelvis
and all the renal calyces are ﬁlled with bacteria-colonized stones.Table 2
Outcome of 153 studied patients after percutaneous nephrolithotomy (PCNL) ac-
cording to antegrade ureteroscopic assistance or not.
Parameters Antegrade ureteroscopic assistance p
No (n ¼ 49) Yes (n ¼ 104)
Operative time (min) 143 ± 78 105 ± 35 < 0.0001
Duration of hospital stay (d) 5.4 ± 2.9 4.3 ± 2.2 0.009
Blood transfusion
Patients 6 (12.2) 5 (4.8) 0.18
Average number of
units/person
2.7 2.4
Complication
Urosepsis 8 (16.3) 14 (13.5) 0.75
Pleural diseases 0 0
Stone-free rate
Free versus not free 18:31 42:62 0.67
% of patients free of
stones
36.7 40.4
Residual stone
burden (cm2)
2.9 ± 6.2 5.0 ± 10.6
% residual stone burden 11 ± 16 15 ± 22 0.28
Data are presented as n (%) or mean ± SD.
BMI ¼ body mass index.Despite the utility of artiﬁcial hydronephrosis with ureteral balloon
occlusion, usually, there is a lack of adequate space to introduce the
dilator into the renal pelvis or the calyces. In such circumstances,
antegrade ureteroscopic lithotripsy can be initially used for crush-
ing some part of the stone as well as for conﬁrming the exact
location of the nephrostomy tract. Thus, subsequent tract dilation
can be easily accomplished because of the created space. Although
tract dilation by using balloon dilation catheters might lead to less
hemorrhage than that performed by using facial or Amplatz
dilator,5 it is usually not easy to place or ﬁx the balloon dilation
catheters in kidneyswith complete staghorn stone because of a lack
of target intracalyceal space.
Tanriverdi et al17 reported that the learning curve for PCNL could
be deﬁned on the basis of the level of technical competence and
reduction in the average operative time achieved from 2.4 hours to
1.5 hours after 60 cases. In this study, we presented the effects of
the use of antegrade ureteroscopic assistance for creating a neph-
rostomy access on the clinical outcomes in patients with complete
staghorn stones managed with PCNL. The basic characteristics such
as age, body mass index, and stone burden in patients in both
groups were comparable. Our results showed that in cases of pa-
tients who were administered PCNL with antegrade ureteroscopic
assistance, signiﬁcantly lesser operative time and hospital stay
were required than in thosemanagedwith PCNLwithout antegrade
ureteroscopic assistance. Furthermore, the patients managed with
PCNL and antegrade ureteroscopic assistance had slightly higher
stone-free rate, lower transfusion rate, and lower incidence rate of
post-PCNL urosepsis than those managed without assistance, but
these intergroup differences were not statistically signiﬁcant.
Because antegrade ureteroscopic assistance can provide the beneﬁt
of early tract creation and conﬁrmation during the initial pro-
cedures of PCNL in patients with complete staghorn stones, the
operator can perform subsequent procedures conﬁdently. Without
any hesitation in operation and exact tract, it is helpful in short-
ening the total operation time and hospital stay without worsening
the clinical outcomes or increasing complications. Such an ancillary
procedure might be suitable for the management of complete
staghorn stones or other complex renal stones in cases in which
adequate intrapelvic or intracalyceal space for the nephrostomy
access is unavailable.
In addition, because various sizes of ureteroscopes are easily
available, antegrade ureteroscopic assistance can be applied in
most institutions, or in combination with retrograde intrarenal
lithotripsy. We did not routinely use ﬂexible ureteroscopes to
check residual stones after PCNL procedures regardless of ante-
grade ureterorenoscopy (URS) or not. Interestingly, Kawahara and
their colleagues18 reported that retrograde ureteroscopic assis-
tance for (PCNL) is more effective in reducing stone burden,
operation time, and post-PCNL urosepsis than the conventional
prone PCNL. The similar reason is the safety in the creation of
exact nephrostomy tract, like in the current study.
There were some limitations in this study. First, this study was a
retrospective analysis andmay have some bias from the selection of
the patients. Since the avoidance of the false tract and the ability of
space creation could be achieved by using antegrade ureteroscopic
aid, we did not conduct a randomized clinical trial to ﬁnd some
additional beneﬁts from this ancillary procedure because of the
ethic consideration. Second, the stone-free rates in this series are
relatively low, which is probably due to the large stone burden and
the completeness of stone branching within renal calyces. The
other reason is that all of the procedure is performed without any
ﬂuoroscopic assistance. Third, because of the lack of information
about the time of each step in the whole surgeries, it is difﬁcult to
verify whether the beneﬁts of shortening of operation times and
hospital stays derives from this ancillary procedure.
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In this study, we showed that antegrade ureteroscopic assis-
tance with early lithotripsy could be used for preventing the dila-
tion of a false tract and for creating adequate intracalyceal space for
subsequent tract dilation, which can reduce the operation time and
hospital stay. Such an ancillary procedure might be suitable for the
management of complete staghorn stones or other complex renal
stones in cases in which adequate intrapelvic or intracalyceal space
for creating nephrostomy access is unavailable.
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